LEATHER PROCESSIN

SOME ASPECTS OF PROTEIN DEGR’ADATION‘IN
G

INTRODUCTION

Animal hides and skins have been used by man before recorded time. These

prehistoric men must have found thatfreshly flayed ski
if not protected. Means of accomplishing this were f

ns will decompose rapidly
und, chiefly by drying and

treatment with saIt, and these methods, with refinemepnts, are still in use today.
The skin of an animal is a highly complex structure. Figure 1 is a diagram-
matic representation of a cross section of a steerhide and the complexity is clearly

seen. During the processing into leather many of thesg

components are removed

and those remaining are more or less altered. When a fhide or skin is in a condi-

tion ready for tanning, it consists primarily of the fibrd
ever, residues of such other components as elastin,
mucopolysaccharides, fat, and some cellular material

us protein collagen. How-
reticulin, muscle fibers,
still remain.

Some of the degradative changes which take place dyring curing and depilation

will be discussed.
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Fig. 1. Diagram of a cross section of steerhide showing its complex
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Table 1. Salt Tolerance |and Collagen Solubilizing Activity of Representative
Single Cultures (from Everett and Cordon, 1956)

Growth Growth Activity* in 15% Salt Broth + Substrate
Cultures without | with 4M 12% Limed+ Unlimedt
- Salt Salt(23%) Gelatin Collagen Collagen

Uninoculated controls - - 0 10-20% 3-9%
Gram-pos. rods:

No. 12 Yes No +++ 62 8

No. 11 Yes Yes +++ 32 5

No. 87 No Yes ++ 34 6
Gram-neg. rods:

No. 21 Yes Yes +++ 41 5

No. 22 » Yes Yes +++ 36 . 3

No. 20 No Yes ++ 20 4
Gram-pos. cocci: 4

No. 28 No Yes ++ 98 5

No. 78 No Yes ++ .31 7

No. 59 Yes Yes + 25 7
Gram-var. red cocci:

No, 112 No Yes - + 20 6
Gram-var. irreg. rods:

No. 104 No Yes ++ 20 10

*Gelatin, complete liquefaftion: +++ in 4 weeks; ++ 4 to 8 weeks; + over 8 weeks.
Collagen, solubilization:| hydroxyproline in solution as per cent of total found.

+Center layer of cowhide spaked in saturated lime liquor; chemically sterilized.

$Center layer of cowhide cparefully purified without liming; chemically'sterilized.

CURING

Treatment of hides with common salt is the usual procedure for curing. Salt
reacts with the moisture fn the hide and produces a brine which dissolves some
of the globular proteins along with some of the constituents of blood. This process
also reduces the moisture level of the hide from 60-65% to about 45-50%. This
lowered moisture, together with the high salt content, prevents the growth of most
bacteria and other microorganisms. Some halophilic bacteria are able to develop,
however, particularly during extended periods of storage and may cause staining,
hair slip, or decomposition of the collagen. )

We were interested in determining what types of bacteria were present on
salt-cured hide and what |effect pure cultures would have on collagen (Everett,
A.L. and Cordon, T.C., 1956). During the course of the study, several hundred
cultures of bacteria were jsolated from salt-cured hides, brines, etc., and grown
on high-salt media. They|were tested for their ability to liquefy gelatin and the
positive ones were used for studies on decomposition of collagen.

Collagen was prepared in essentially unaltered condition by splitting off the
grain and flesh layers and using only the center portion. This is known as the
corium split. Small pieces| of this material were sterilized by the method of Max-
well (1945). Five to ten gram lots of this material were treated in succession in
closed containers. with 100 ml of each of the following solutions: (1) 0.025M so-




dium metabisulfite for 17 hr; (2) 0.3M hydrogen: peroxide for 7 hr; (3) sterile
0.1M sodium bicarbonate for 17 hr; (4) two changes of dterile 10% salt. The bi-
sulfite solution was at pH 2.0 and the first three solutions contained 10% salt to
prevent swelling. :

Small pieces of the sterilized collagen wereplaced i yuves containing a com-
plete broth medium and incubated at 30 Cfor several weeks to check sterility and
then inoculated with test cultures. After two to three months of incubation the
solid material was filtered off, both fractions were hydro¢lyzed by autoclaving in
6N HCI in sealed tubes, and hydroxyproline determined by the method of Neuman
and Logan (1950). Since this amino acid is unique to collagen this is an effective
measure of collagen breakdown.

Table 1 shows the results with some representative cyltures. Several of them
required salt for growth, all but one could grow in a 23% salt solution, all attacked
gelatin more or less strongly, and most made some aftack on limed collagen;
several attacked it very extensively. None of these pure ¢ultures was able to at-
tack unlimed collagen.

Results with mixtures of these pure cultures are given|in Table 2. Here again,
limed collagen was attacked by most of the combinations but only a few were able

Table 2. Enhanced Activity Shown by Various Mixed Cultures
(from Everett and Cordon, 1956)

Composition of Total No. Activity* in 15% $alt Broth + Substrate
Culture Mixtures of strains Limed* Collagen Unlimed} Collagen
Uninoculated controls 0 10-20% 3-%
A Gram-pos. rods 19 47 10 -
B Gram-neg. rods 5 32 5
C Gram-pos. cocci ’ 30 40 5
D Gram-var. red cocci 10 15 8
E Gram-var, irreg. rods 3 42 8
Group Combinations
A+B 24 65 8
A+C 49 29 : -
A+D 29 22 o -
A+E 22 41 11
B+C 35 37 5
B+D 15 21 6
B+E 8 91 11
C+D . 40 24 -
C+E 3 62 14
D+E 13 58 8
A+B+C+D+E 67 93 15
Selected Mixtures
No. 19 (B) + E 4 : 88 36
No. 104 (E) + B - 6 93 40

*Center layer of cowhide soaked in saturated lime liquorf; chemically sterilized.

g; chemically sterilized.

*Collagen solubilization: hydroxyproline in solution as per cent of total found.
tCenter layer of cowhide carefully purified without limiL



to degrade the unlimed collagen. These results were surprising in view of the
degradation which sometimes takes place in salt-cured hides. It appears that
suitable combinations ¢f organisms under favorable growth conditions may be

required to effect this

pe of action. The effect of mild hydrolysis of collagen by

liming on its susceptibility to microbial attack is clearly shown.

UNHAIRING *

1 method of removing the hair from animal hides consists
ated lime containing a "sharpening" agent, such as sodium
, sodium sulfhydrate,or amines. We have just seen how
ith lime renders it susceptible to microbial attack. Hor-
8) have shown that treatment of collagen with lime causes
component which is richin hydroxyproline. Fifteen per-
cal nitrogen in the solubilized portion is hydroxyproline,
in whole collagen. Itappears that a hydroxyproline-rich
must have been attacked. This lime-treated collagen was
of trypsin and compared with unlimed material. Trypsin

The almost universg
of a treatment with satur
sulfide, arsenic sulfide
treatment of collagen w|
mann and Schubert (1954
some solubilization of a
cent of the nonammonia
compared with only 6.9%
portion of the molecule
subjected to the action

was able to attack the li

med but not the unlimed material.

Grassmann and Hannig (1958) have studied the effect of the denaturation of

collagen by mild heat on
Both of these enzymes we
Here again a mild deng
the action of biological 4

In order to alleviate
a better leather, we hayv
hides and skins. We foun
readily unhaired by enz
soaked in dilute salt sd
alone has a depilatory a
stand for several days i
microbial growth, the &
intact. Unfortunately, it
shows a piece of intact ¢
dermis as it appears ur
tinues around the hair r
system. Parts of the swyg

We were very much

its susceptibility to attack by trypsin and chymotrypsin.
re able to attack the heated collagen but not the unheated.
turation has resulted in making collagen susceptible to
gents.

waste disposal, shorten the processing time, and produce
e been investigating the depilatory action of enzymes on
d very soon that freshly flayed hides were not nearly so
ymes as were salt-cured hides or hides which had been
lution. Beuchler and Lollar (1949) have shown that salt

ction under certain conditions. If fresh hide is allowed to
na2-10%salt solution containing a disinfectant to prevent

ntire epidermis becomes loosened and can be removed
is not loose enough for commercial unhairing. Figure 2
pidermis being removed and Fig. 3 shows the intact epi-

ider the microscope. Note that the epidermal lining con-
bots and that the sebaceous or oil glands are part of this

rat glands can often be seen in such preparations.
interested in learning how salt made hides more suscep-

tible to enzyme action and employed histological techniques to help elucidate this

phenomenon. Burton, Re

ed, and Flint (1953) have postulated that the binding mate-

rial which holds the epidermis to the dermis, sometimes called the basement mem--

brane, is a mucopolysac

charide. We cut thin sections from untreated hide pieces

or those soaked in water or salt solutions, and stained them with the periodic

acid-Schiff stain which
photomicrographs of son
an intensely stained band

visualizes carbohydrate material. Figure 4 consists of
ne of these sections. The section of untreated hide shows
at the juncture of the dermis and epidermis. After soaking

in water some of the backg

rround staining material is removed, but the intense band
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Fig. 3. Intact epidermis from steerhide showing details gf its structure. (From Everett and Cordon, 1959.)



Fig. 4. Cross sections of fresh hide, PAS stain. X200. a) untreated; b) soaked in water; c) soaked in

4.8% salt water; d

soaked in 9.1% salt water. (From Everett and Cordon, 1958.)

still remains. After soaking in dilute salt the intensely stained layer is much more
diffuse and the epideimiis has separated from the dermis in some places. After
treatment with depilatory enzymes this carbohydrate-staining material is com-
pletely removed. We believe that salt treatment causes a peptization or partial
degradation of the bonding layer and thus conditions it for enzyme action,

As another approach to uncover the nature of the material which holds the

epidermis to the dermis
ous enzymes with assay

we have tried tocorrelate the depilatory action of vari-
s on known substrates (Cordon, T.C. et al., 1958). The

data in Table 3 illustrate the results. Assay values for action on casein (PV),

gelatin (formol titration
hair loosening could be
gelatinase activity as a f
on scoured wool. None g
loosening action, but in §

, and starch (DV), are tabulated so that any relation to
observed. For several enzymes we have also measured
unction of lowering the viscosity and keratinase activity
f these activities showed a direct correlation with hair-
reneral enzymes showing good depilatory action also have

high proteolytic activity,



Table 3. Relation of Hair Loosening to Other. Activities of Some
Selected Enzyme Preparations (from Cordon et al., 1959)
B PV(a) Formol Ti- DV(c) Concentration Hair
zyme . tration(b) . Used Looseness
Units/g meq-N/g Units/g &/100| nl (D) Rio)
HT Concentrate(f) 190,000 46.0 95,000 0.1 7-84
HT Proteolytic(f) 331,000 41.8 9,200 0.06 7-83
L-56D(g) 100,000 35.5 4,500 0.19 7-84
Protease 15 .
Concentrate(h) 162,000 26.7 2,200 0.12 8-17
4511-3(1) 46,300 19.1 17,000 0.4] 9-76
Papain 24,800 10,0 <300 0.77 3-97
Bromelin 46,200 46.3 <400 0.4] 491
Pancreatin 3 XUSP 66,800 36.6 16,300 0.28 10-25
Trypsin 4X
USP Pancreatin 66,500 38.6 3,200 0.29 10-0

(a) Action on casein.

(b) Action on gelatin.

(c) Starch-dextrinizing power.

(d) Number of pulls with scraper. See Fig. 1.

(e) Estimation of percent of hair removed.

(f) Bacterial enzymes from the Takamine Laboratories.
(g) Bacterial enzyme from Pabst Laboratories.

(h) Bacterial enzyme from Réhm & Haas Company.

(i) Bacterial enzyme from Wallerstein Company.

The fibrous protein elastin has been suggested as being 1mpiicated in bonding
the epidermis to the dermis and with this in mind we have assayed a number of
depilatory enzymes for elastase activity. Figure 5 shows photographs of cross
sections of hide after enzyme treatment and staining with| the Fullmer-Lillie
elastin stain. The elastin fibers are stained black and run roughly parallel to the
surface of the hide. In some cases enzyme treatment completely removes these
fibers.

Some of the enzymes which showed strong depilatory action also show strong
elastase activify but here again the relationship to hair loosening is only casual
and no direct correlation could be made. It appears that a ucopolysaccharide
material may be involved in cementing the epidermis to the dermis; at least such
a material is present before but not after the action of depilatory enzymes. Such
enzymes also degrade elastin but no direct relation to haix loosening has been
proved.

SUMMARY
It is concluded that during the processing of hides and skink in preparation for
tanning many degradative processes take place. Some of these are necessary for
the removal of unwanted constituents and some are required to condition the hide
for tanning.
Some of these changes are undoubtedly brought about by halophilic bacteria
existing in the salt-cured hides during storage. This represents a complex prob-
lem of microbial ecology. For it has been shown that undenatured collagen is very




Fig. 5. Cross section of steerhide, stained for elastin by Fullmer-Lillie method; magnificaiuion 100 x

fora,b,andd, 200x for ¢} a)untreated control; b and c) treated with papain solution for about 7 hr,

Illusrates incomplete removal of elastin. d) treated with papain solution overnight. Illustrates al=-
most complete removal of elastin. (From Everett et al., 1959.)

resistant to attack by single pure cultures, while degradation could be obtained
with certain mixtures. However, collagen that has been denatured by treatment
with lime, is susceptible to attack even by single cultures. Similarly, trypsin and
chymotrypsin can degrade heat-denatured or lime-treated collagen butnot native
collagen. -
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